INTRODUCTION
The azuki bean weevil Callosobruchus chinensis is a serious field and post-harvest pest that devastates various beans of genus V igna in many regions of the world. It is a well known fact that the azuki bean weevil is attracted to flowering host plants in the field and lays eggs on young and immature bean pods, and also that a glass bead treated with the aqueous extract of azuki beans is favored for the gravid females to oviposit, suggesting the presence of two kairomones, the attractant and the oviposition stimulant. Although no chemicals responsible for the former are known, Dcatechin [(2S, 3S), -3, 5, 7, 3', 4'-pentahydroxyflavan] (3) has been identified as the oviposition stimulant and its presence in the seed coat has been evidenced in the previous paper. 1 Further study using the same bioassay method has indicated the presence of the other active compound(s).
This paper deals with the isolation and identification of taxifolin from the aqueous extract of azuki beans as the new oviposition stimulant of weevils.
MATERIALS AND METHODS
The "j C" strain of the azuki bean weevil Callosobruchus chinensis was used, rearing on azuki beans V igna angularis under conditions of 25°C, 70%R. H. and 16 hr light : 8 hr dark photo-regimen. The strain has been kept for over 50 years in Drs. S. Utida and K. Fuj ii's laboratories.
Bioassay
The same bioassay method was used as reported. 1 Groups of 2-day-old male and female weevils (10 pairs) were transferred to a disposable Petri dish (polyethylene, 9 cm i. d. X 1 cm), into which two uncovered glass Petri dish (22 mm i. d. X 8 mm, mini-p, Tsukuba Flat Co. ) containing ten glass beads each (5 mm in diameter) were introduced. Ten glass beads in a dish had preliminary been treated with 0. 2 ml of a candidate sample solution and the solvent had been removed by evaporation. Control beads in the other dish were likewise treated with solvent. The number of eggs laid on each bead during a 2-hr period was counted and compared between the two dishes. Assay was repeated three or six times. Results of the former repetitions were tentatively evaluated as "+," when more than 20 eggs differences in average were counted between sample and control dishes. Results of the latter repetitions were analyzed by the Wilcoxon signed ranks test and activity "+" was expressed as the lowest concentration in ppm and (or) dose per glass bead, at which statistical significance (p< 0. 05) was verified.
Extraction and Purification
Fresh azuki beans were soaked in cold water for 14 hr, and the water layer was collected by filtration. The swelled beans were again dipped in water for 24 hr and the water layer was separated. Both aqueous layers were combined and were extracted by n-BuOH after saturation with NaCI. The n-BuOH extract, after evaporation of the solvent under reduced pressure, was redissolved in water, and again extracted with ether using a continuous liquid-liquid extractor for 24 hr. The extract, after evaporation of the solvent, contained large amounts of l, 1-dibutoxybutane, which was removed using a silica gel column (20 g, Wako-gel C-200, 2. 5 cm x 8 cm) by eluting with benzene. The activity was recovered from the column as the fraction eluted by McOH. The fraction, after evaporation of the solvent, was separated on a silica gel column (40 g, Wako gel C-200, 2. 2 cm x 20 cm) by eluting with each 400 ml of following solvents; CHC13, 10% and 30% McOH/CHC13, and McOH. The active 10% eluate was then separated on a Sephadex LH-20 column (15 g, 2. 2 cm x 16. 5 cm) with H2O (150 ml) and a sequence of aq. acetone; 15% (115 ml), 30% (115 ml), 40% (115 ml). The active 40% fraction was then chromatographed on a silica gel column (two times), eluting with 30% and 20% McOH/CHC13, respectively. The active fraction was further subjected to a preparative HPLC on an Inertsil PREP-ODS column (20 mm i. d. X 25 cm, Gasukuro Kogyo, monitored by UV 254 nm) at the flow rates of 8 ml/min (0-20 min) and of 7 ml/min (20-100 min) with the following isocratic and linear gradient condition using aq. McOH; 20% (0-10 min), 20-70% (10-60 min), 70-100% (60-80 min) and 100% McOH (80-100 min).
Analytical Methods
Silica-gel 60 F2, 4 glass plate (precoated, Merck, 5 cm x 20 cm, 30% McOH/CHCl3 as solvent) and C, 3-SiO2 reverse phase plate (KCiBF Whatman, 5 cm x 20 cm, a mixture of 40% McOH and 60% 50 mNi aq. NaCI as solvent) were used to confirm the purity and verify the nature of the compound, by exposing the plate to 12 vapor or under UV ray (254 nm). Mass spectra were obtained with a Hitachi M-80B High Resolution Mass Spectrometer operated at a low resolution mode. 1H and 13C magnetic resonance spectra (1H NMR and 13C NMR) were obtained with a JEOL FX-100 and a Bruker 500 MHz spectrometer. Samples were dissolved in either CDCl3, acetone-d, or McOH-d4, with TMS as the internal standard. IR was obtained as a KBr-pellet with a JASCO IRA-1 infrared spectrometer (Japan Spectroscopic Co. ). UV spectra were measured with a Shimadzu UV 240 spectrometer in McOH. A JASCO DIP-140 polarimeter was used to measure the []D value, using a microcell (2 mm i. d. x 50 mm in length).
Acetylation
The candidate compound (ca. 10 mg) was peracetylated by being reacting with acetic anhydride (1 ml) in pyridine (1 ml) conventionally. After keeping the mixture at 60°C for 3 hr, excess solvent and reagent were removed in vacuo. The residue was purified on a short silica gel column to give the product, which was subjected to NMR and mass spectrometric analysis.
Quantitative Determination of Flavonoids in
Azuki Beans Azuki beans (300 g) was extracted with cold water (600 ml) for 20 hr, and the water layer was passed through a ODS-5i02 column (30 g, 4 cm i. d. x 4 cm in length, Cosmosil 140 Cr8-OPN, Nacalai Tesque). Absorbed compounds were recovered by washing the column with McOH (100 ml). The McOH eluate, after evaporation of the solvent, was redissolved in water, and subjected to a polyamide column (10 g, 2. 5 cm i. d. X 8. 4 cm in length). The column was washed with water (100 ml) and McOH (200 ml). The McOH fraction, in which oviposition stimulant activity was localized, was analyzed by HPLC using a Cosmosil 5Ci8-AR column (20 mm i. d. X 250 mm, monitored by UV 254 nm) at a flow rate of 3 ml/min with the following linear gradient condition of 20-100% aq. McOH (0-80 min), to determine the relative amount of D-catechin (3), taxifolin (1) and quercetin (2) using each authentic compound.
RESULTS AND DISCUSSION
Isolation procedures of kairomone(s) is summarized in Fig. 1 . The fresh azuki beans (10 kg) were extracted with cold water (24 l and 20 l) two times by soaking for 14 hr and 24 hr. The combined water layer, after saturation with NaCI, was extracted with nBuOH. The BuOH extract, after evaporation of the solvent, was re-dissolved in water (2 l) and re-extracted by ether using a continuous liquid-liquid extractor for 24 hr. The ether extract (38. 5 g), after evaporation of the the following diagnostic ions by the direct-inlet mass spectrometry; m /z 275, 165, 153 (base ion), 137, 123, 96, 69 and 51 (Fig. 3) . Its peracetylated derivative with pyridine-acetic anhydride showed W ion at m/z 514, suggesting the presence of five hydroxy groups in the molecule. The molecular formula was then suggested as C15H12O7. 1H NMR (500 MHz, in acetone-do) indicated following seven protons; D-Catechin will give the peak around 20 min.
isolated compound 1 gave identical MS and IR to those of the authentic taxifolin (1). Although the authentic 1 gave the same oviposition stimulant activity to gravid females of azuki bean weevils as the isolated compound 1 (Tables 1 and 2 ), the [a] D=+5. 3 value of the isolated compound 1 was smaller than that of the authentic [cc] D=+20. 0, and the reason remains to be solved. The compound 2 gave W ion at m/z 302 (base ion) and following diagnostic ions by the direct-inlet mass spectrometry; m/z 284, 273, 254, 153 and 137. 1H NMR (100 MHz, in McOH-d4) indicated five aromatic protons as follows; a 6. 18 (d, 1H, J= 1. 9 Hz), 6. 39 (d, 1H, J= 1. 9 Hz), 6. 89 (d, 1H, J=9. 6 Hz), 7. 64 (dd, l H, J=9. 6 Hz, 1. 9 Hz) and 7. 73 (d, 1H, 1. 9 Hz), suggesting three meta-coupled protons and two ortho-coupled protons in which one is meta-coupled. These profiles were in agreement with aromatic protons of 1, though all protons were shifted to 0. 23-0. 72 ppm downfield. The structure of 2 was, therefore, concluded as quercetin, 3, 5, 7, 3', 4'-pentahydroxyflavone (2). 1H NMR and 13C NMR spectra of the authentic 2 were completely identical to those of the compound 2. Mass and IR spectra of the isolated 2 were also the same as those of 2. The authentic 2 showed no biological activity (Table 2) .
Although compounds 1 and 2 were isolated from the same fraction, from which 3 had been manifested previously, no trace of 3 was detected in the present procedure of isolation. The compound 3, which is more polar than 1 and 2, might have been lost in polar fractions such as 30% McOH/CHCl3 or 30% aq. acetone, because presence of 3 was demonstrated by HPLC using the ODS-absorbed fraction of the cold water extract from azuki beans. Compounds 3 (9. 89'eg) and 1 (8. 82, rig) per azuki bean were detected in HPLC, while 2 was not found. It appears that 2 may be an artifact derived by hydrolysis of the corresponding glycosides. Presence of the other kairomone component(s) was suggested in the more polar fractions, which are remained to be studied.
Bioassay results of three authentic flavonoids are summarized in Table 2 . Taxifolin (1) indicated activity in all ranges tested from 10 ppm to 0. 1 ppm. Quercetin (2) was inactive at any concentrations. On the other hand, D-catechin (3) demonstrated an optimum range of concentration for manifesting the activity. The range from 10 ppm to 0. 01 ppm was active, while the range higher than 10 ppm Table  2 Comparison of oviposition stimulant activity among three flavonoids.
and lower than 0. 01 ppm were inactive. Chemical structure of all the three flavonoids are almost the same, except for a few slight differences at the B-ring. Addition of a carbonyl group at 4 position of 3 (active at 0. 2-2 ng) gave the compound 1 (active at 2 ng), and this change did not affect biological activity so much, while introduction of a double bond at C2-C3 position of 1 resulted in 2, which lost the activity completely. Stereochemistry of C2 and C3 appears to be important to develop the biological activity, because L-epicatechin is inactive. '' The compound 3 is distributed widely in the plant kingdom. 2' The same is also true with 13,4) and 25). Combination of these common plant compounds and the others not yet identified may contribute towards better recognition of the azuki bean by the azuki bean weevil as the suitable host for oviposition. Two compounds, 3 and 1, were identified as the independently active principle for stimulating the oviposition of the azuki bean weevil.
